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1. Characterizations

The micromorphology of the samples was acquired using scanning electron microscopy (SEM,
Hitachi SU8220) at 10 kV and field emission transmission electron microscopy (TEM, JEM 2100F)
at 200 kV. The characteristic functional groups of the samples were characterized by Attenuated Total
Reflection Fourier Transform Infrared Spectroscopy (ATR-FTIR, Thermo Scientific Nicolet iS50).
The chemical composition and phase analysis of the samples were performed using Raman
spectroscopy (Raman, HJY LabRAM Aramis), X-ray diffraction (XRD, Bruker D8 Advance), and X-
ray photoelectron spectroscopy (XPS, Thermo Scientific KAlpha). The N: adsorption-desorption
isotherms of carbons were determined using an Automatic surface and porosity analyzer
(Micromeritics ASAP 2460) at a temperature of 77 K. The pore size distribution was calculated using
the Density Functional Theory (DFT) model, and the specific surface area was determined through the
Brunauer-Emmett-Teller (BET) method. The thermal decomposition behavior of the precursor was d
examined in a N, atmosphere with the assistance of a thermal analyzer (TGA, TA TGASS) and a
thermal gravimetric-infrared technique (TG-FTIR, Thermo Scientific Nicolet iS50). The static contact
angle of electrolyte drop on the surface of the electrode material was recorded using a static contact
angle measuring instrument (SINDIN, SDC-350).

2. Electrochemical Performance Measurements

The working electrodes were prepared by mixing 80 wt.% active material, 10 wt.% acetylene black,
and 10 wt.% a dispersed PTFE solution, which was then ground in an ethanol solution until
homogeneous. Subsequently, the mixture was rolled into a working electrode with a loading of 1.5-
2.0 mg/cm?. The dried electrode was pressed onto a stainless-steel current collector at a pressure of 10

MPa to obtain a working electrode with an area of approximately 1.0 cm?. Finally, the Zn-ion hybrid



capacitors (ZIHCs) were assembled using as-prepared carbon materials as the cathode, zinc foil as the
anode (pre-polished and ground to eliminate the surface oxide layer), 100 uL. of 1 M ZnSO, as the
electrolyte, and the glass fibers (Whatman GF/D) as the separator.

The constant current charge-discharge (GCD) curves, cyclic voltammetry (CV) curves,
electrochemical impedance spectroscopy (EIS), and self-discharge tests were conducted using an
electrochemical workstation (VMP3e, Biologic). The cycling performance was evaluated using the
Neware battery test system. EIS spectra were measured by three-electrode system testing in the
frequency range of 1000 kHz to 10 mHz with a voltage amplitude of 5 mV. All electrochemical tests
were performed at room temperature, with a voltage window ranging from 0.2 to 1.8 V.

The specific capacitance (Cg, F/g) of the electrode material based on the ZIHCs was calculated from
the discharge curve of the GCD by the following equation:

Cg=1At/m AV (1)

Where 7 (4) and At (s) are the charging/discharging current and discharge time, while m (g) is the
mass of the active materials, and A4V (V) is the voltage change during the discharge time A¢.

The energy density (Eg, Wh/kg) and power density (Pg, W/kg) of the ZIHCs were calculated by the
following equations:

Eg=Cg xAV?/(2x3.6) (2)
Pg= Eg 3600/t 3)

where Cg (F/g) is the specific capacitance calculated from the discharge curve based on the ZHSCs,
AV (V) is the potential window, and Az (s) is the discharge time.

The real capacitances(C’), imaginary capacitances (C”) and relaxation time (t) based on EIS

measurement to evaluate the capacitance response speed, were calculated using the following



equations:

C'=-2"/(27fA|Z|2) )
C"=Z(2xfA|Z)? ) (5)
r=1/fy (6)

where Z" is the imaginary impedance, Z' is the real impedance, f is the frequency, A4 is available
surface area, and |Z| is the magnitude of impedance. f; is the frequency at which the C" reaches the

maximum.
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Figure S1 SEM images of Mg(OH), (a), EHL@Mg(OH), (b), EHL@Mg(OH),-CA-MA (c), and S-NLC@MgO
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Figure S2 (a) Digital photograph of the red beam through the EHL@Mg(OH), dispersion (left) and the EHL

solution (right). (b) The FTIR spectra of EHL and EHL@Mg(OH)p.
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Figure S3 (a) The cross-linking reaction between EHL and cyanuric trioxide. (b) Schematic diagram of the

formation process of lignin-based organic-inorganic supramolecular aggregates.
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Figure S4 (a) XPS survey spectra of S-NLC. (b) XPS survey spectra of LPC, NLPC, and S-NLPC.
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Figure S5 (a) XRD patterns of EHL@Mg(OH),-CA-MA, MSA and Mg(OH),. (b) XRD patterns of S-NLC and g-

C3Na.



Figure S6 The electrolyte contact angle for LPC (a), NLPC (b), S-NLPC (c).

40 | 30 F
(a)*[ NLPC (b). [ LPC
—_— 20 —_—
oh o6 10|
< s
= 0 +« 0
g s
S = _10
5 20} 5
@) O 20t
o Imy —2mV ——5mV -30 Imy —2mV —5mV
—10mV ——20mV ——50mV —10mV —20mV ——50mV
-60 | |—100 nllV —ZPO my 1—100 IPV —ZIOG mVY
0. 0.4 0.8 1.2 1.6 2. 0.4 0.8 1.2 1.6 2,

Potential (V)

Potential (V)

0.1 Alg 0.1 Alg
—0.2 Alg —02Alg
0.5 Alg 0.5 Alg
~ 14} 4t
& —1Alg o~ 14 —1Alg
E’ 2 Alg = 2 Alg
=]
= —5Alg = —5Alg
g 1or 10 Alg g 10r 10 Alg
5 ——20 Alg 2 ——20 Alg
- &
50 Alg 50 Alg
0.6} 0.6t
0.2 L \ L L ! L 0.2 1 ! L 1 1
0 2000 4000 6000 8000 0 1500 3000 4500 6000 7500
Time (s) Time (s)

Figure S7 CV curves of NLPC (a) and LPC (b). GCD curves of NLPC (c) and LPC (d).



Table S1 Comparison of the electrochemical performance of ZIHCs based on S-NLPC cathode with reported

literature

Precursors Materials SSA (m?/g) Test conditions C (F/g) Refs
Graphene rGO-200 - 1 M ZnS0O4 0.5 A/g 245.0 1
Graphene P-CNT/rGO 236.7 2M ZnS0O4 0.5 A/g 213.4 2
Graphene GMF-G@RuO, 1190.9 2 M ZnSO,4 0.1A/g 170.4 3
Graphene NB-CQDs/rGO 447.9 2M ZnS04 0.2 A/g 261.3 4
Graphene EG-RGO 216.3 1 M ZnS0O4 0.1 A/g 327.4 5
MOFs MPC-2 2125.0 3 M Zn(CF;S0;), 0.2 A/g 289.2 6
Biomass OLDC-750 2259.5 2M ZnS0O40.1 A/g 306.8 7
Biomass SMC-800 686.3 2M ZnSO4 0.1 A/g 313.01 8
Lignin LPC-600 860.5 1 M ZnS0O, 0.1 A/g 178.0 9
Lignin L-N-CNS 643.9 1 M ZnSO,4 0.1 A/g 233.4 10
Lignin LNPC-800 657.0 1 M ZnS0O,4 0.05 A/g 266.0 11
Lignin AL-KNPC-800 1949.0 1 M ZnSO,4 0.1 A/g 360 12

Biomass S-NLPC 2848.1 1 M ZnSO,4 0.1 A/g 433 This

work

SSA: Specific surface area, C: Specific capacitance
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